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spawning areas for
commercial species a couple
of years ago. The device uses
strobe lights to take night-
time visual images of the reef.
The results of these new
studies reveal the deep-water
reefs to have nearly 100 per
cent living coral cover. Until
recently, little information was
available on the structure and
composition of the deeper
coral reefs due to their depths
at 30 to 75 metres, which are
beyond the safe range of
Scuba diving, and their
location sometimes 15
kilometres from land.
Two reef areas, the Hind
Bank Marine Conservation
District and the South Drop
were the first to be surveyed,
led by the WHOI scientist
Hanumant Singh and
colleagues from the Institute
and at the University of Puerto
Rico. Researchers from the
University of the Virgin Islands
and the Caribbean Fishery
Management Council (CFMC)
also helped with the study.
Hind Bank Marine
Conservation District was the
first zone in US federal waters
to be closed to commercial
fishing, having been a major
fishing ground for years. But
in 1999, on the
recommendation of fishermen,
scientists and government
officials, commercial activity
was halted to protect both the
reef and the red hind, a type
of grouper, which is one of the
most valuable commercial fish
in the Caribbean and still
fished in some areas.
Graciela Garcia-Moliner of
the CFMC scientific staff said
that until these new surveys
had got under way, “We did
not know what kind of corals
we have, how healthy they
are, how deep the reefs
extend or how large the reefs
actually are and what marine
life lives there because no one
has ever seen them. ”
Wider ranging annual
studies of these newly
illuminated reefs are now
planned.
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Mollicutes
Shlomo Trachtenberg
What are they? Mollicutes —
Spiroplasma, Mycoplasma and
Acholeplasma — are the smallest
and simplest known free-living
and self-replicating forms of life.
They are bacteria of Gram-
positive origin, as indicated by
their 16S rRNA. But rather than
being primitive, they diverged
about 65 million years ago, by
regressive evolution and genome
reduction, from more complex
ancestors on the branch of the
bacterial phylogenetic tree
containing the lactobacilli, bacilli,
clostridia and streptococci. The
mollicutes consist of about 200
systematically well-defined
species.
Where do they live? The
mollicutes depend completely on
their hosts for nutrient supplies.
16 species of mollicutes have
been reported to live in humans.
Most are extracellular and
colonize mucosal surfaces of
respiratory and urogenital tracts.
35 species have been found in
other animals, including cows,
sheep, goats, poultry, dogs, cats
and fish. Spiroplasmas are found
mostly in plants and their insect
vectors.
What of their ‘minimal’
genomes? Research on these
reduced organisms is leading to a
clearer picture of the minimal set
of genes that is sufficient, or
required, to support independent
life. Eight mycoplasma genomes
have been fully sequenced,
ranging in size from the ~580
kilobase genome of Mycoplasma
genitalium to the ~1.4 megabase
genome of M. penetrans. M.
genitalium has the smallest
known genome of any cellular
(non-virus) life form; interestingly
its entire genome is similar to the
indispensable part of the
562 kilobase B. subtilis genome.
Whole genome comparisons
suggests that the severe genome
reduction in the mollicutes
probably reflects their parasitic
lifestyle. In phylogenetic analyses,
they cluster with the parasitic
eubacteria rather than with their
ancestral Gram-positive bacteria.
On a phylogenetic scale, the
spiroplasmas are the closest to
the mollicute’s Gram-positive
ancestors. Compared to the rest
of the mollicutes, they have the
least reduced genomes —
ranging from just below a
megabase to more than two
megabases — which is no doubt
related to their relative large size,
spatial organization and structural
complexity.
Anything else unusual about
their genomes? Yes: they have
an unusually low (24–33%) G+C
content, and they use the
universal UGA stop codon as a
tryptophan codon (with a
corresponding UCA anticodon of
tRNA).
What do they look like? The
mollicutes completely lack cell
walls and are delineated only by a
unit membrane containing
cholesterol. Nevertheless, they
are polar and their shape is
relatively well defined, although it
can be variable (Figure 1).
Mycoplasmas are typically pear or
flask shaped with an elongated
neck. Spiroplasmas are dynamic
coils with round and tapered ends
capable of contracting or
extending and flexing, reversibly
changing their helical parameters
(hand, pitch and diameter). These
changes allow spiroplasmas to
undergo sensory-driven
directional swimming (see below).
What do they have in the way
of a cytoskeleton? Although they
lack cell walls, mollicutes do have
functional analogs of actin and
tubulin, MreB and FtsZ. They also
have unusual internal
cytoskeletons, which constitute a
major component of their cell
structure and mass. 
In spiroplasmas, the
cytoskeleton is a flat array of
parallel contractile fibrils attached
to the inner surface of the cell
membrane along the shortest
helical line. The fibrils act is linear
motors, and differential changes
in their length can quantitatively
explain the dynamic range of all
helical and non-helical cell
geometries. The purified,
detergent insoluble cytoskeleton
complex from spiroplasmas
contains over ten proteins, the
main one being a 59 kDa product
of the fib gene with no known
prokaryotic or eukaryotic
homologs. Infectivity in
spiroplasmas is governed by an
unusual lipoprotein, spiralin,
which constitutes ~30% of the
membrane mass and resides on
the cell’s outer surface.
In mycoplasmas, the
cytoskeleton (or triton-shell)
seems more complex, yet its
components and their functions
are better defined. The role of the
cytoskeleton in motility is unclear;
its role in cytadherence and
pathogenicity is steadily being
unravelled. The mycoplasmal
cytoskeleton consists of a dense,
banded or spiral, rod-like
‘attachment organelle’ with a
wider ‘terminal button’ at the front
end and an array of fibrils
emanating from its rear end. About
nine well-defined proteins form the
attachment organelle, their spatial
and temporal order of assembly
determining the organelle’s
functions in pathogenicity and
colonization. Cell division in
mycoplasmas is linked to
duplication of the attachment
organelle. There is also evidence
that, in mycoplasmas, a
translational elongation factor (EF-
TU) forms a spatial network with a
cytoskeletal function.
How do mollicutes move?
Mollicutes lack external
appendages such as the flagella
and pili responsible for motility of
cell-walled bacteria.
Spiroplasmas are active
swimmers and respond
chemotactically. They swim by
propagating a slight deformation
or segment with switched
handedness along the helical cell
body. Swimming direction is
changed by flexing. The cell
movements are driven by the
cytoskeleton acting as a linear
motor.
Motile mycoplasmas glide on
solid or semi-solid surfaces. In M.
mobile, a fast glider, unique
proteins located in the area
between the cell’s neck and body
are thought to attach the cell to
the surface and facilitate
movement. The process is
energized very likely by ATP
hydrolysis.
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Echolocation
Gareth Jones
Because we rely largely on vision
to perceive the world, we find it
difficult to comprehend the
challenges faced by organisms
that use other senses for
perception. Such challenges are
especially acute for our
understanding of echolocation —
the production of sound by
animals and the subsequent
determination of the position (and
other features) of objects from
information encoded in acoustic
reflections. 
The philosopher Thomas Nagel
chose the bat as an example of
an organism using a very
different form of perception from
ours in his famous essay about
understanding the experiences of
others. In ‘What is it like to be a
bat?’ Nagel states that “anyone
who has been in a confined
space with an excited bat knows
what it is like to encounter a
fundamentally alien form of life!”.
Despite these differences in
perception, we have achieved
much in understanding how
echolocation works in animals,
and how signal design is shaped
by acoustic challenges in the
environment.
Echolocation: what it is and how
it works
Echolocation, or biosonar, is an
active process, used by the
species that have it for sensing
the environment when vision is
ineffective, for example at night
or in turbid water. It involves the
production of sound, and the
reception of echoes that return
from objects. By comparing the
outgoing pulse with the returning
echoes — which are modified
versions of the outgoing pulse —
the brain can produce images of
the surroundings. 
The location of a target in three
dimensions can be determined
from its range and direction.
Echolocating animals can
determine how for away objects
are — their range — by
Figure 1. Mollicutes.
Mycoplasma mobile (left,
from M. Miyata) and
Spiroplasma melliferum
(right) represent the range
of size , polarity and shape
of the mollicutes. (Scale
~1 µm.)
